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Abstract – The objective of this work was to evaluate the effect of feed deprivation and refeeding with diets 
containing different energy to protein ratios (E/P) on the performance and physiology of juvenile tambaqui 
(Colossoma macropomum). A 4x2 factorial arrangement with three replicates was used, with four E/P ratios 
(11.5, 10.5, 9.5, and 8.5 kcal g‑1 digestible energy per protein) and two feeding regimens (with and without 
deprivation), during 60 days. Fish from the food‑deprived group were fasted for 14 days and refed from the 
fifteenth to the sixtieth day, whereas the remaining fish were fed for 60 days. At the end of the experimental 
period, weight of fish subjected to food deprivation was lower than that of those continuously fed; however, 
this condition did not influence the physiological parameters analyzed. Tambaqui fed 11.5 kcal g‑1 achieved 
lower final weight than those fed with the other diets, in both regimens. Among the physiological parameters, 
only plasma protein presented significant increase in fish fed 8.5 kcal g‑1, in both feeding regimens, probably 
due to the higher dietary protein concentration. These results indicate that fish show a partial compensatory 
growth, and that 10.5 kcal g‑1 can be recommended for the diet of juvenile tambaqui.
Index terms: Colossoma macropomum, blood parameters, energy/protein requirement, food restriction.
Estratégias alimentares e relação entre energia e proteína  
sobre o desempenho e a fisiologia de tambaqui
Resumo – O objetivo deste trabalho foi avaliar o efeito da privação alimentar e da realimentação com dietas 
contendo diferentes relações entre energia e proteína (E/P) sobre o desempenho e a fisiologia de juvenis de 
tambaqui (Colossoma macropomum). Utilizou-se arranjo fatorial 4x2 com três repetições, com quatro relações 
E/P (11,5, 10,5, 9,5 e 8,5 kcal g‑1 de energia digestível por proteína) e dois regimes alimentares (com e sem 
privação), durante 60 dias. Peixes do grupo com privação alimentar permaneceram em jejum por 14 dias e 
foram realimentados do décimo quinto ao sexagésimo dia, enquanto os demais foram alimentados por 60 dias. 
Ao final do período experimental, o peso dos peixes submetidos à privação alimentar foi menor do que o dos 
alimentados continuamente; entretanto, esta condição não influenciou os parâmetros fisiológicos avaliados. 
Tambaquis alimentados com 11,5 kcal g‑1 obtiveram menor peso que os alimentados com as demais dietas, 
em ambos os regimes. Entre os parâmetros fisiológicos, apenas a proteína plasmática apresentou aumento 
significativo nos peixes alimentados com 8,5 kcal g‑1, em ambos os regimes alimentares, provavelmente 
em razão da maior concentração de proteína na dieta. Esses resultados mostram que os peixes apresentam 
crescimento compensatório parcial em todos os tratamentos, e que 10,5 kcal g‑1 pode ser recomendada para a 
dieta de juvenis de tambaqui.
Termos para indexação: Colossoma macropomum, parâmetros sanguíneos, exigência energia/proteína,  
restrição alimentar.
Introduction
Tambaqui (Colossoma macropomum) is the most 
prominent farmed, native fish species and the third 
most cultivated in Brazilian aquaculture. In 2010, the 
national production of tambaqui was 54,313.1 Mg, 
representing 14% of all fish from continental fish 
farming (Brasil, 2012). The success of rearing this 
species is due to particular characteristics, including 
fast growth, rusticity, tolerance to low water dissolved 
oxygen concentration, suitability to artificial 
reproduction techniques, and good acceptance of 
formulated diets (Silva et al., 2007).
However, one of the factors that makes fish farming 
unattractive to investors is the high feed price (Oliveira 
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composition have been analyzed. No monitoring has 
been reported on the physiological changes in fish 
during the compensatory growth period or on the risks 
associated to fast growth (Ali et al., 2003).
The objective of this work was to evaluate the effect 
of feed deprivation and refeeding with diets containing 
different E/P ratios on the performance and physiology 
of juvenile tambaqui.
Materials and Methods
Juvenile tambaqui were obtained from a 
commercial fish farm located in Rio Preto da Eva, AM, 
Brazil, transported to Coordenação de Tecnologia e 
Inovação (Coti), at Instituto Nacional de Pesquisas da 
Amazônia, acclimated, and fed commercial extruded 
feed containing 32% crude protein twice daily for a 
seven‑day period. The experiment was carried out at 
the Coti laboratory between October and December 
2006.
Three hundred and eighty four fish (50.3±8.0 g) were 
distributed in 24 PVC tanks (310 L) with continuous 
aeration and 10% daily water exchange, at a density of 
16 fish per tank. A randomized block design was used, 
in a 4x2 factorial arrangement with three replicates, 
using experimental pelletized diets with four energy to 
protein ratios (11.5, 10.5, 9.5, and 8.5 kcal g‑1 digestible 
energy per crude protein) and two feeding regimens 
(with and without deprivation) (Table 1).
Food deprivation was done during a period of 
14 days, according to Ituassú et al. (2004), and fish 
were fed from the fifteenth to the sixtieth day. Fish 
without feed deprivation were continuously fed along 
the 60 day trial.
Fish were fed the experimental diets twice daily to 
apparent satiation, during the 60 day period. At the 
beginning and the end of the experiment, biometric 
evaluation of all fish was done. For blood parameter 
analysis, blood samples were collected from five fish of 
each experimental unit at the end of the experimental 
period.
Fish were anesthetized with 100 mg L‑1 benzocaine 
before blood extraction, and samples were drawn by 
caudal puncture with syringe containing 10% EDTA. 
The following parameters were analyzed: hematocrit 
(Ht), by the microhematocrit method using heparinized 
capillary tubes; erythrocyte counting (RBC), in a 
Neubauer chamber; and hemoglobin (Hb), total plasma 
protein (TPP), and plasma glucose (Gl) concentrations, 
et al., 2012), especially in the Amazon region where 
most food inputs are imported. According to Partos 
(2010), feed represents 50 to 70% of total production 
costs.
A strategy to reduce feeding costs is to determine 
fish nutritional requirements, mainly protein need, 
which is the most expensive nutrient in the diet (Santos 
et al., 2010). The protein requirement of a species is 
the minimum amount of amino acids that generates 
the maximum growth possible and can be influenced 
by protein source, dietary energy to protein (E/P) 
ratio, fish size, and water temperature (Pezzato et al., 
2004). Therefore, determining the ideal E/P ratio is as 
important as knowing the fish protein requirement. An 
unbalanced feed E/P ratio may result in low performance 
of fish production systems (Lovell, 1989). Excessive 
non‑protein feed energy may inhibit voluntary food 
consumption before sufficient amounts of amino acids 
are ingested, whereas insufficient non-protein dietary 
energy will result in the use of protein as an energy 
source, compromising fish growth and immune system 
(National Research Council, 1993; Aliyu-Paiko et al., 
2010).
Food deprivation is a feed management practice that 
has been extensively studied. It consists of maintaining 
animals in inanition for a certain period, aiming for their 
compensatory growth. According to Jobling (2010), 
compensatory growth can be defined as a physiological 
process in which the body accelerates growth after a 
period of restricted development, generally caused by 
a reduced food intake, in order to reach the weight of 
the animals not subjected to food restriction.
Several studies have focused on compensatory 
growth in fish (Wieser et al., 1992; Tian & Qin, 2003; 
Turano et al., 2008; Wang et al., 2009). Ituassú et al. 
(2004) subjected tambaqui to different periods of 
deprivation and found that after a restriction of up to 14 
days the species showed total compensatory growth and 
higher body protein deposition when feed was restored. 
Santos et al. (2010) kept juvenile tambaqui unfed for 
14 days and observed that protein requirements did 
not increase after a period of food restriction. These 
authors also found that animals fed ration containing 
9.5 kcal g‑1 digestible energy per protein presented best 
carcass composition after feed restriction, with lower 
fat content and higher body protein deposition.
Despite the large number of studies on food 
deprivation, only growth performance and fish body 
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determined by specific commercial kits supplied 
by Doles (Goiânia, GO, Brazil) (Tavares-Dias & 
Moraes, 2004). The hematimetric indexes mean 
corpuscular volume (MCV) and mean corpuscular 
hemoglobin concentration (MCHC) were calculated 
from the RBC, Ht, and Hb of each individual (Wintrobe, 
1934).
During the experimental period, water physical and 
chemical parameters were analyzed in all tanks. The 
following were measured daily: dissolved oxygen and 
electrical conductivity, with a YSI 85 digital meter 
(YSI Incorporated, Yellow Springs, OH, USA); and 
pH and temperature, using a YSI 60 handheld phmeter 
(YSI Incorporated, Yellow Springs, OH, USA). Total 
ammonia and nitrite concentrations were determined 
twice a week by spectrophotometric methods according 
to Verdouw et al. (1978) and Boyd & Tucker (1992), 
respectively.
The comparison between weight of different 
treatments and basal values was done using Student’s 
t test, at 5% probability. Results from treatments 
and water quality were evaluated by two‑way 
analysis of variance using diets and feeding regimens 
as factors. Means of treatments with significant 
differences were compared by Tukey’s test, at 5% 
probability.
Results and Discussion
Significant differences were observed between the 
two feeding regimes regarding water quality (dissolved 
oxygen, electrical conductivity, and total ammonia) 
(Table 2). Dissolved oxygen was higher in tanks in 
which fish were deprived of food, whereas electrical 
conductivity and ammonia showed inverse relation in 
these tanks. The variations observed in the levels of 
dissolved oxygen and electrical conductivity during 
the deprivation period were similar to those found by 
Ituassú et al. (2004). These results can be attributed 
to the deprivation period imposed on fish, since in the 
tanks with deprivation there was a lower production 
and release of fecal organic matter, reducing the amount 
of ammonia in the water. Moreover, the absence of 
residues of ration in the water caused a reduction in 
oxygen consumption by fish and a lower electrical 
conductivity in the tank water.
In the refeeding period, water quality presented 
significant variations in pH, electrical conductivity, 
and total ammonia (Table 2). These variations were 
related to the different rations provided, and values 
increased with decreasing feed E/P ratio and increasing 
feed protein levels. The variations in ammonia levels 
are probably due to the decrease in the E/P ratio, 
which induces fish to use protein as an energy source, 
increasing the release of ammonia nitrogen (Lovell, 
1989; Wilkie, 2002). Changes in pH and electrical 
conductivity are associated to the increasing levels of 
ionized ammonia in the water, which has an alkaline 
reaction (Kubitza, 2003).
Despite the differences observed, the variation 
range was minor and all water physical and chemical 
parameters were in the comfort range for the production 
of tropical fish (Kubitza, 2003) and of tambaqui (Aride 
et al., 2004).
According to Ali et al. (2003), animals can 
show several types of compensatory growth. 
Overcompensation occurs when animals subjected to 
fasting reach a size larger than that of the continuously 
fed animals, after refeeding. Total compensation 
occurs when fasted animals reach, after refeeding, 
the same size of the animals constantly fed. In partial 
compensation, after food deprivation, the animals do 
not reach the same size of the continuously fed animals, 
whereas, in no compensation, size is not recovered 
after food deprivation.
Table 1. Composition of the experimental diets for tambaqui 
(Colossoma macropomum) with different energy to protein 
(E/P) ratios.
Ingredient 
(%)
Experimental diets  
(kcal g‑1 digestible energy per protein)
11.5 10.5 9.5 8.5
Fish meal 4.0 7.5 12.9 14.8
Soybean meal 38.0 42.2 45.0 53.0
Wheat middlings 19.0 19.0 15.0 11.0
Corn 37.2 28.0 23.0 17.0
Soybean oil 1.0 2.5 3.3 3.4
Vitamin and mineral supplement(1) 0.8 0.8 0.8 0.8
Total 100.0 100.0 100.0 100.0
Crude protein (%) 28.2 31.9 36.0 40.0
Digestible energy (kcal 100 g‑1)(2) 324.9 333.8 340.7 340.2
E/P ratio 11.5 10.5 9.5 8.5
(1)Composition per kg of product: folic acid, 250 mg; pantothenic acid, 5,000 
mg; biotin, 125 mg; cobalt, 25 mg; copper, 2,000 mg; iron, 13,820 mg; iodi‑
ne, 100 mg; manganese, 3,750 mg; niacin, 5,000 mg; selenium, 75 mg; zinc, 
874.95 mg; vitamin A, 1,000,000 UI; vitamin B1, 1,250 mg; vitamin B12, 
3,750 mg; vitamin B2, 2,500 mg; vitamin B6, 2,485 mg; vitamin C, 28,000 
mg; vitamin D3, 500,000 UI; vitamin E, 20,000 UI; vitamin K3, 500 mg. 
(2)Digestible energy estimated based on the apparent digestibility coefficient 
of Piaractus mesopotamicus (Abimorad & Carneiro, 2004).
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Fish final weight was significantly different in all 
treatments when compared to initial weight (Figure 1). 
After 60 days, fish with no food deprivation presented 
a higher weight gain than food deprived animals, 
regardless of the diet. This result indicates a partial 
compensatory growth, since the animals deprived of 
food did not reach the same weight of the continuously 
fed animals.
Ituassú et al. (2004) reported that tambaqui 
subjected to 14 days of food deprivation showed total 
compensatory growth after 84 days of refeeding with 
ration containing 36% crude protein, and that, after 
periods of 21 and 28 days of deprivation, the animals 
presented partial compensatory growth. Turano et al. 
(2008) subjected hybrid striped bass (Morone chrysops 
x Morone saxatilis) to three weeks of food restriction, 
followed by three and six weeks of refeeding, and 
found that fish showed partial compensatory growth, 
independently of the refeeding period. Wang et al. 
(2009) observed that Nile tilapia (Oreochromis 
niloticus) subjected to cycles of one to four weeks 
of food deprivation, followed by two to eight weeks 
of refeeding, showed partial compensatory growth. 
According to Tian & Qin (2003), total compensation 
is possible only when the body mass of food deprived 
animals is not inferior to 60% of that of continuously 
fed fish.
Regardless of the feeding regimen, fish fed 10.5, 
9.5, and 8.5 kcal g‑1 digestible energy per protein 
presented higher average final weight than fish fed 
11.5 kcal g‑1 (Figure 1). These results show that the 
diet with 11.5 kcal g‑1 did not meet the minimum 
protein requirement of fish. It was also verified that fish 
subjected to food deprivation did not increase protein 
demand.
According to Wieser et al. (1992), four physiological 
phases occur during the period of food deprivation. The 
first is the stress phase, characterized by hyperactivity 
of the animal in search of food. The second is the 
transition phase, in which there is a reduction in 
the respiratory rate and glycolytic and glycogenic 
activity in the swimming muscles. The third phase is 
adaptation, with stabilization of the metabolic rate at a 
low level. If deprivation continues, an increase occurs 
in the replacement of lipids by protein as an energy 
source. The final phase is recovery, marked by the rapid 
increase in growth and oxygen consumption rates.
Among the blood parameters analyzed, only total 
plasma protein presented significant increase in fish 
fed 8.5 kcal g‑1 digestible energy per protein, when 
Table 2. Water dissolved oxygen (DO), temperature, electric conductivity (EC), pH, total ammonia, and nitrite concentration 
of the experimental tanks with tambaqui (Colossoma macropomum) under two feeding regimes: food deprivation and 
continuous feeding with four energy to protein ratios (kcal g‑1 digestible energy per protein) during the first 14 days and the 
refeeding period(1).
Diet Regime DO (mg L‑1) Temperature (°C) EC (µS cm‑1) pH Total ammonia (mg L‑1) Nitrite (mg L‑1)
Food deprivation – 0 to 14th day
11.5
DP 6.1±0.3A 27.9±0.1  18.3±0.6A 4.8±0.1 0.17±0.09A 0.001±0.003
CF 4.7±0.2B 27.0±0.1  21.8±0.6B 5.1±0.1 0.23±0.09B 0.007±0.030
10.5
DP 6.0±0.4A 27.1±0.1  18.7±0.4A 4.9±0.3 0.16±0.05A 0.004±0.007
CF 4.8±0.1B 26.9±0.1  23.0±1.0B 5.2±0.2 0.42±0.30B 0.004±0.030
9.5
DP 6.4±0.1A 27.0±0.1  18.4±0.4A 4.9±0.2 0.12±0.05A 0.000±0.0001
CF 4.9±0.3B 27.0±0.1  23.2±0.5B 5.2±0.1 0.57±0.05B 0.008±0.002
8.5
DP 6.2±0.2A 27.0±0.1  18.4±0.9A 4.8±0.1 0.16±0.03A 0.001±0.004
CF 4.9±0.2B 27.0±0.1  22.6±1.3B 5.1±0.1 0.59±0.15B 0.040±0.050
Refeeding period – 15 to 60th day
11.5
DP 5.7±0.1 27.1±0.1 22.9±1.0a 5.1±0.1a  0.6±0.1a   0.01±0.003
CF 5.7±0.2 27.2±0.1 22.0±0.7a 5.0±0.1a  0.6±0.1a   0.01±0.002
10.5
DP 5.8±0.2 27.0±0.1   26.3±2.5ab 5.3±0.3b  0.9±0.2ab   0.01±0.002
CF 5.7±0.1 27.0±0.1   26.0±2.4ab 5.3±0.2b  0.8±0.3ab   0.01±0.003
9.5
DP 5.8±0.3 27.1±0.1 27.0±3.2b 5.2±0.2b  1.1±0.5b   0.01±0.006
CF 5.5±0.3 27.0±0.1 28.6±3.5b 5.4±0.1b  1.1±0.2b   0.01±0.001
8.5
DP 5.6±0.3 27.0±0.1 31.1±2.3b 5.4±0.1b  1.3±0.1b   0.01±0.005
CF 5.7±0.2 27.1±0.1 28.1±3.9b 5.3±0.1b  1.2±0.3b   0.01±0.002
(1)Uppercase letters indicate significant differences between feeding regimes on the same diet by Tukey’s test, at 5% probability; lowercase letters indicate 
significant differences among diets on the same feeding regime by Tukey’s test, at 5% probability. DP, deprivation, CF, continuous feeding. Mean ± SD, n=16.
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compared to those fed 11.5 and 10.5 kcal g‑1, for both 
feeding regimens (Figure 2). This increase is probably 
due to the high concentration of protein in the diet of 
that experimental group (Table 1), corroborating with 
the data from Abdel‑Tawwab et al. (2005), who also 
observed increase in the plasma protein concentration 
in Nile tilapia fed 35 and 45% crude protein, and 
from Bicudo et al. (2010), who found similar pattern 
for pacu (Piaractus mesopotamicus) fed 34 and 38% 
crude protein.
The other blood parameters analyzed showed no 
significant differences among treatments at the end 
of the experiment (Table 3). This result suggests that 
the 14 day food deprivation period and the subsequent 
refeeding with diets containing different protein 
levels did not change fish physiological conditions. 
Similar results were found by Congleton & Wagner 
(2006), who reported that physiological parameters 
Table 3. Hematocrit (Ht), hemoglobin (Hb), red blood cell (RBC), mean corpuscular volume (MCV), mean corpuscular 
hemoglobin concentration (MCHC), and plasma glucose (Gl) of juvenile tambaqui (Colossoma macropomum) subjected to 
14 day food deprivation and refed with diets containing four energy to protein ratios in the diet(1).
Diet (kcal g‑1 digestible energy per protein) Regime Ht (%) Hb (g dL‑1) RBC (x106 μL‑1) MCV (fL) MCHC (g dL‑1) Gl (mmol L‑1)
11.5
DP 38.7±2.1 12.7±0.2 2.3±0.1 169.5±4.5 33.0±1.0 4.4±0.7
CF 38.3±2.5 13.2±0.9 2.3±0.1 168.2±8.7 34.7±2.1 4.1±0.7
10.5
DP 35.5±0.4 12.1±0.6 2.2±0.1 164.4±1.7 34.3±1.2 3.8±0.5
CF 37.6±2.5 12.6±0.6 2.2±0.1 173.7±3.6 33.5±1.5 3.7±0.2
9.5
DP 36.3±1.6 12.6±0.7 2.1±0.1 171.7±5.8 35.1±3.4 4.1±0.6
CF 37.0±1.2 12.0±1.0 2.2±0.1 171.7±6.3 32.6±2.1 3.8±0.5
8.5
DP 37.5±1.4 12.4±1.1 2.2±0.1 174.7±4.4 33.1±3.2 4.2±0.4
CF 37.1±1.4 12.1±0.5 2.2±0.2 167.9±9.2 32.6±0.6 4.0±0.6
(1)DP, deprivation; CF, continuous feeding. Mean ± SD, n=15 fish per treatment.
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Figure 1. Mean weight of tambaqui (Colossoma 
macropomum) subjected to feed deprivation and refed 
diets with four energy to protein ratios, n=48. Uppercase 
letters indicate significant differences between feeding 
regimes on the same diet; lowercase letters indicate 
significant differences among diets on the same feeding 
regime. *Significant differences compared to basal value. 
All differences were evaluated by Tukey’s test, at 5% 
probability.
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Figure 2. Plasma total protein concentration of tambaqui 
(Colossoma macropomum) subjected to feed deprivation 
and refed diets with four energy to protein ratios, n=15 per 
treatment. Lowercase letters indicate significant differences 
among diets on the same feeding regime by Tukey’s test, at 
5% probability.
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of rainbow trout (Oncorhynchus mykiss) and Chinook 
salmon (O. tshawytscha), subjected to 21 and 35 days 
of food deprivation, returned to basal levels after ten 
days of refeeding. Furné et al. (2012) also observed 
the reestablishment of the physiological parameters of 
Adriatic sturgeon (Acipenser naccarii) and rainbow 
trout kept fasted for 72 days and refed during 60 days.
The physiological data obtained in the present study 
are in accordance to Ali et al. (2003), who suggest 
that the ability of fish to present compensatory growth 
after food deprivation does not depend solely on the 
species capacity to use its endogenous reserves during 
starvation, but is specially related to the reestablishment 
of homeostasis during the refeeding period.
Conclusions
1. The 14 day period of food deprivation does not 
affect the physiological profile of juvenile tambaqui 
(Colossoma macropomum) and improves water 
quality, but negatively affects animal weight gain after 
refeeding.
2. Protein and energy demand of juvenile tambaqui 
do not increase due to food deprivation, and 10.5 kcal g‑1 
digestible energy per protein can be recommended for 
the diet of juvenile tambaqui.
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